HDACs deacetylate histones ↗ Stable identifier: R-HSA-3214815
Lysine deacetylases (KDACs), historically referred to as histone deacetylases (HDACs), are divided into the Rpd3/Hda1 metal-dependent 'classical HDAC family ' (de Ruijter et al. 2003 , Verdin et al. 2003 and the unrelated sirtuins (Milne & Denu 2008) . Phylogenetic analysis divides human KDACs into four classes (Gregoretti et al. 2004 ): Class I includes HDAC1, 2, 3 and 8; Class IIa includes HDAC4, 5, 7 and 9; Class IIb includes HDAC6 and 10; Class III are the sirtuins (SIRT1-7); Class IV has one member, HDAC11 (Gao et al. 2002) . Class III enzymes use an NAD+ cofactor to perform deacetylation (Milne & Denu 2008 , Yang & Seto 2008 , the others classes use a metal-dependent mechanism (Gregoretti et al. 2004 ) to catalyze the hydrolysis of acetyl-L-lysine side chains in histone and non-histone proteins yielding L-lysine and acetate. Xray crystal structures are available for four human HDACs; these structures have conserved active site residues, suggesting a common catalytic mechanism (Lombardi et al. 2011) . They require a single transition metal ion and are typically studied in vitro as Zn2+-containing enzymes, though in vivo HDAC8 exhibits increased activity when substituted with Fe2+ (Gantt et al. 2006) . The structurally-related enzyme acetylpolyamine amidohydrolase (APAH) (Leipe & Landsman 1997) exhibits optimal activity with Mn2+, followed closely by Zn2+ (Sakurada et al. 1996) . is part of the silencing mediator of retinoic acid and thyroid hormone receptor (SMRT) complex or the homologous nuclear receptor corepressor (NCoR) (Li et al. 2000 , Wen et al. 2000 , Zhang et al. 2002 , Yoon et al. 2003 , Oberoi et al. 2011 which are involved in a wide range of processes including metabolism, inflammation, and circadian rhythms (Mottis et al. 2013 ).
Class IIa HDACs (HDAC4, shuttle between the nucleus and cytoplasm (Yang & Seto 2008 , Haberland et al. 2009 ). The nuclear export of class IIa HDACs requires phosphorylation stimulated by calcium or other stimuli. They appear to have been evolutionarily inactivated as enzymes, having acquired a histidine substitution of the tyrosine residue in the active site of the mammalian deacetylase domain (H976 in humans) (Lahm et al. 2007 , Schuetz et al. 2008 ). Instead they function as transcriptional corepressors for the MEF2 family of transcription factors (Yang & Gregoire 2005) .
Histones are the primary substrate for most HDACs except HDAC6 which is predominantly cytoplasmic and acts on alpha-tublin (Hubbert et al. 2002 , Zhang et al. 2003 , Boyault et al. 2007 ). HDACs also deacetylate proteins such as p53, E2F1, RelA, YY1, TFIIE, BCL6 and TFIIF (Glozak et al. 2005) . The coordinates of post-translational modifications represented and described here follow UniProt standard practice whereby coordinates refer to the translated protein before any further processing. Histone literature typically refers to coordinates of the protein after the initiating methionine has been removed. Therefore the coordinates of post-translated residues in the Reactome database and described here are frequently +1 when compared with the literature.
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The NuRD complex contains a core histone deacetylase complex that consists of the HDAC1-2 catalytic core plus RBBP7 (RbAp46) and RBBP4 (RbAp48) (Ahringer 2000) . The largest and key component is the Mi-2 remodelling subunit (dermatomyositis-specific autoantigen), which contains the ATPase/chromatin remodelling activity and physically associates with the other components. Mammals have two Mi-2 proteins: CHD3 (Mi-2alpha), and CHD4 (Mi-2 beta) (Seelig et al. 1996) . CHD4 (Mi-2 beta) is the form predominantly associated with the NuRD complex (Zhang et al. 1998 , Feng & Zhang 2001 
